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AQUEOUS COLLOIDAL DISPERSION BASED 
ON AT LEAST A LANTHANDE COMPOUND 
AND A COMPLEXINGAGENTA PROCESS 
FOR ITS PREPARATION AND USE THEREOF 

The present invention relates to an aqueous colloidal dis 
persion based on at least one lanthanide compound and a 
complexing agent, to a process for its preparation, and to the 
use thereof. 

Cerium sols, more particularly tetravalent cerium Sols, are 
well known. Further, sols of trivalent lanthanides and in par 
ticular those of trivalent lanthanum and yttrium, can be of 
great interest, for example in catalysis or in the field of lumi 
nophores. However, such applications require sols consti 
tuted by fine (nanometric) particles. It is much more difficult 
to produce Such sols with trivalent cations than using tetrava 
lent cations. In the former case, rapid particle formation 
kinetics are observed which cause difficulties when stopping 
mineral polycondensation at the nanometric particle stage. 
The invention aims to overcome such difficulties and pro 

duce nanometric lanthanide Sols. 
To this end, and in a first aspect, the aqueous colloidal 

dispersion of the invention is a dispersion of at least one 
compound of a lanthanide other than cerium or at least two 
lanthanide compounds, one of the lanthanides possibly being 
cerium, and is characterized in that it comprises a complexing 
agent with a pK (cologarithm of the dissociation constant of 
the catalytic formed by the complexing agent and the lan 
thanide cation) of more than 2.5. 

In a second aspect, the aqueous colloidal dispersion of the 
invention is a dispersion of a cerium compound and is char 
acterized in that it comprises a complexing agent with a pK 
(cologarithm of the dissociation constant of the complex 
formed by the complexing agent and the cerium cation) of 
more than 2.5 and a mean colloid size of at most 6 mm. 
The dispersions of the invention can also comprise at least 

one other element selected from groups IVa, Va., VIIa, VIIa, 
VIII, Ib and IIb of the periodic table. 
The invention also concerns a process for preparing the 

dispersions defined above, characterized in that it comprises 
the following steps: 

forming an aqueous mixture comprising at least one lan 
thanide salt and the complexing agent; 

adding a base to the mixture formed; 
heating the mixture to obtain a dispersion. 
Further characteristics, details and advantages of the inven 

tion will become apparent from the following description and 
the various non-limiting examples that serve to illustrate it. 

The term “lanthanide' as used in the present description 
means elements from the group constituted by yttrium and 
elements from the periodic table with atomic numbers in the 
range 57 to 71 inclusive. More particularly, the present inven 
tion is applicable to colloidal dispersions wherein the lan 
thanides are in the trivalent form. 

The periodic table referred to is that published in the 
“Supplement au Bulletin de la Société Chimique de France' 
“Supplement to the Journal of the French Chemical Soci 
ety”, no 1 (January 1966). 

Further, in the remainder of the description, the expression 
“colloidal dispersion” or “sol of lanthanide compound or 
another element of the type defined above means any system 
constituted by fine solid particles of colloidal dimensions 
generally based on the oxide and/or hydrated oxide (hydrox 
ide) of the lanthanide or, optionally, the oxide and/or hydrated 
oxide (hydroxide) of the lanthanide and the other element and 
also based on the complexing agent, in Suspension in an 
aqueous liquid phase, said species also possibly containing 
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2 
residual quantities of bound or adsorbed ions such as nitrates, 
acetates, citrates, ammonium ions or the complexing agent in 
its ionised form. It should be noted that in such dispersions, 
the lanthanide or other element can be either completely in the 
form of colloids, or simultaneously in the form of ions, com 
plexed ions and in the form of colloids. 
The term "complexing agent as used in the present 

description means a compound or a molecule that can estab 
lish a covalent or iono-covalent bond with the lanthanide 
cation and/or the cation of the other element. Suitable com 
plexing agents for use in the present invention are complexing 
agents with a high complex dissociation constant Ks, the 
complex under consideration here being the complex formed 
by the complexing agent and the lanthanide cation or, if 
appropriate, complexes formed by the complexing agent and 
the lanthanide and the complexing agent and said element. An 
example of the equilibrium is given below: 

where Ln represents the lanthanide or possibly an element 
of the type defined above, I represents the complexing agent 
and represents the complexing anion; 

the dissociation constant for the complex, KS, is given by 
the formula: 

The pK is the cologarithm of Ks. The more stable the 
complex (LnI)", the higher the pK. 

Suitable complexing agents for use in the present invention 
are those with a pK of more than 2.5, preferably at least 3. 
The complexing agent can in particular be selected from 

acid-alcohols or polyacid-alcohols or salts thereof. Examples 
of acid-alcohols that can be cited are glycolic acid and lactic 
acid. Examples of polyacid-alcohols that can be cited are 
malic acid and citric acid. 
The complexing agent can also be selected from aminated 

aliphatic acids, preferably aminated aliphatic polyacids, or 
salts thereof. Examples of such complexing agents which can 
be cited are ethylene-diamino-tetra-acetic acid or nitrilo-tri 
acetic acid, or the Sodium salt of N,N-diacetic glutamic acid 
with formula (NaCOO-)CHCH-CH(COONa)N 
(CHCOONa). 

Other Suitable complexing agents which can be used are 
polyacrylic acids and their salts such as sodium polyacrylate, 
more particularly those with a mass average molecular mass 
in the range 2000 to 5000. 

Finally, it should be noted that one or more complexing 
agents can be present in the same dispersion. 
The amount of complexing agent, expressed as the number 

of moles of complexing agent with respect to the number of 
moles of lanthanide, can be in the range 0.1 to 1.5, more 
particularly in the range 0.5 to 1.5. This amount is determined 
by chemical assay of the carbon and lanthanide of the colloids 
recovered after ultracentrifuging at 50000 rpm for 6 hours. 
This amount is applicable to the Sum of the complexing 
agents if a plurality of complexing agents are present in the 
dispersion. 

In the case of the first embodiment, the dispersion of the 
invention is based either on a single compound of a lanthanide 
which in this case is other than cerium, or on at least two 
lanthanide compounds, one of the lanthanides possibly being 
cerium. 
The second embodiment concerns a dispersion of a cerium 

compound, more precisely a dispersion containing only 
cerium as the lanthanide. This dispersion comprises a com 
plexing agent of the same type as that described for the first 
embodiment. 
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The dispersions of the invention are nanometric in type. 
This means dispersions the colloids of which are generally of 
the size of at most 100 nm, preferably at most 10 nm. 

Then in the second embodiment, and as a particular variant 
in the case of the first embodiment, the mean size of the 
colloids of the dispersions is at most 6 nm. More particularly, 
this mean size can be at most 5 nm, and can in particular be in 
the range 2 nm to 5 nm. 

The defined diameters are determined by photometric 
analysis using HRTEM (high resolution transmission elec 
tron microscopy), if necessary completed by cryo-micros 
copy. 

In addition to their Small size, the aggregation State of the 
colloids of the dispersions of the invention is very slight. 
Transmission electron cryo-microscopy analysis indicates a 
low degree of colloid aggregates, for example of less than 
10% by number, or even less than 5% by number, i.e., of all of 
the observed objects, at most 10% are constituted by several 
aggregated particles. 
The pHs of the dispersions of the invention can fall within 

a wide range, for example in the range 5 to 10, more particu 
larly in the range 7 to 9.5, which enables them to be used in 
applications wherein a near neutral pH is required. 

Other embodiments of the dispersions of the invention will 
now be described. It should be noted that all of the character 
istics which have been described above are also applicable to 
these embodiments. 

The dispersions of the invention can comprise compounds 
of at least two lanthanides, for example dispersions based on 
yttrium and europium, or those based on yttrium and terbium. 

Dispersions based on at least one lanthanide compound, 
which also comprise a compound of at least one element 
selected from groups IVa, Va., VIIa, VIIa, VIII, Ib and IIb of 
the periodic table, should also be mentioned. 
When said element is present, the lanthanide/(lanthanide-- 

other element) mole ratio is at least 50%. 
More particular examples of group IVa elements that can 

be cited are titanium and Zirconium. 
A particular example of a group Va element than can be 

cited is vanadium. 
More particular examples of group VIa elements are chro 

mium and molybdenum, with manganese as examples of 
group VIa elements. 
More particular examples of group VIII elements which 

can be cited are iron, cobalt and nickel. In the same group, 
precious metals such as platinum, iridium, gold, ruthenium, 
rhodium and palladium can be cited. 

Copper, silver and Zinc can be selected from groups Ib and 
IIb respectively. 

Dispersions in accordance with the first embodiment 
which can be mentioned are those based on lanthanum and 
iron, cerium and titanium, and oncerium and iron. Regarding 
the precious metals, dispersions that can be cited are those 
based on lanthanum and platinum or those based on lantha 
num and palladium. 

It should be noted here that for the dispersions of the 
embodiments just described, i.e., based on at least two lan 
thanides or at least one lanthanide and at least one element 
from the periodic table groups described above, the amount of 
complexing agent, expressed as the number of moles of com 
plexing agent with respect to the total number of moles of the 
whole of the lanthanides and the elements cited above, can be 
in the same proportions as those given above. 
The concentrations of the dispersions of the invention are 

at least 20 g/l, but can be more than 100 g/l, the concentrations 
being expressed as the equivalent concentration of lanthanide 
oxide or lanthanide oxide and oxide of the said element or 
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4 
elements. The concentration is determined after drying and 
calcining a given Volume of dispersion in air. 
The manner of preparing the dispersions will now be 

described. 
The first step of the preparation process consists of forming 

an aqueous mixture comprising a lanthanide Salt and the 
complexing agent. This mixture can also comprise at least 
one salt of an element from the groups cited above in the case 
of preparing the dispersions based on at least one of these 
elements. It is also possible to prepare a first mixture with a 
lanthanide Salt and a first complexing agent and a second 
mixture with said element and the same complexing agent or 
a different complexing agent. 
A trivalent Salt is generally used as the lanthanide salt. 
The salts can be salts of inorganic or organic salts, for 

example of the Sulphate, nitrate, chloride or acetate type. It 
should be noted that the nitrate and acetate are particularly 
suitable. More particular cerium salts that can be used are 
cerium III acetate, cerium III chloride, cerium III nitrate or 
cerium IV nitrate and mixtures of these salts such as acetate/ 
chloride mixtures. 

In the starting mixture, the amount of complexing agent 
can be in the range 0.25 to 2. 
The second step of the process consists of rendering basic 

the previously prepared mixture or mixtures. Then a base is 
added. In particular, the base can be hydroxide type products. 
Alkali or alkaline-earth hydroxides or ammonia can be cited. 
It is also possible to use secondary, tertiary or quaternary 
amines. However, amines and ammonia are preferred as they 
reduce the risk of pollution by alkali or alkaline-earth cations. 
The base is added (“basification”) until a pH is obtained the 

value of which depends on the nature of the lanthanide and on 
the nature and amount of complexing agent. In particular, the 
pH is lower when the amount of complexing agent is higher. 
In general, addition is continued until a pH is obtained at 
which the precipitate which is formed in the first part of the 
basification step begins to dissolve. In the case described 
above, in which two starting mixtures have been prepared, 
these two mixtures are combined after basification and the pH 
is adjusted if necessary. 
The third step of the process is a heat treatment, also known 

as thermohydrolysis, which consists of heating the basified 
mixture obtained from the preceding step. The heating tem 
perature is at least 60°C., preferably at least 100° C., and can 
be as high as the critical temperature of the reaction medium. 

This treatment can be carried out either at normal atmo 
spheric pressure or at a pressure Such as the Saturated vapour 
pressure corresponding to the temperature of the heat treat 
ment, depending on the temperatures used. When the treat 
ment temperature is higher than the reflux temperature of the 
reaction mixture (i.e., generally over 100° C.), the operation 
is conducted by introducing the aqueous mixture into a closed 
chamber (closed reactor, normally known as an autoclave), 
the necessary pressure then only resulting from heating the 
reaction mixture (autogenous pressure). Under the tempera 
ture conditions given above, and in an aqueous medium, an 
illustrative pressure in the closed reactor can be in the range 
from a value over 1 bar (10 Pa) to 165 Pa (165x10 Pa), 
preferably in the range 1 bar (5x10 Pa) to 20 bar (100x10 
Pa). Clearly, it is also possible to exert an external pressure 
which is then added to that due to heating. 

Heating can be carried out either in an atmosphere of air, or 
in an atmosphere of an inert gas, preferably nitrogen. 
The treatment period is not critical, and can fall within a 

wide range, for example in the range 1 to 48 hours, preferably 
in the range 2 to 24 hours. 
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After the treatment, the dispersion of the invention is 
obtained. 

In a variation of the invention, the dispersion obtained can 
be treated by ultrafiltration. This treatment can take place 
immediately after the preceding step, or Subsequent thereto. 

Ultrafiltration can be carried out in air or in an atmosphere 
of air and nitrogen, or in nitrogen. The atmosphere under 
which these operations take place plays a role in the transfor 
mation of the lanthanide III to the lanthanide IV in the case of 
dispersions containing a lanthanide which can be tri- or tet 
ravalent. It is preferably carried out with water adjusted to the 
pH of the dispersion. It may allow the dispersion to be con 
centrated. 
The dispersions of the invention can be used in a variety of 

applications. Catalysis in particular can be cited, more par 
ticularly automobile post combustion, in which case the dis 
persion is used in preparing catalysts. The dispersions can 
also be used for lubrication, in ceramics, and for manufactur 
ing luminophore compounds. The dispersions can also be 
used for their anti-UV properties, for example in preparing 
polymer films (for example acrylic or polycarbonate type) or 
for cosmetic compositions, in particular in preparing anti-UV 
creams. Finally, they can be used as a Substrate for anti 
corrosion agents. 

Examples will now be given. 

EXAMPLE1 

This example concerns an aqueous colloidal dispersion of 
lanthanum. 

105.9 g of lanthanum nitrate containing 2.36 moles/kg (i.e., 
0.25 moles of La) was added to a beaker followed by 50 g of 
citric acid (W=192g) (i.e., 0.26 moles of citric acid) and made 
up to 500 cm with demineralised water. After commencing 
stirring, the pH of the solution was 0.63. A dosing pump was 
then used to add 131 cm of a 10.58 Mammoniacal solution 
at an addition rate of 2 ml/min. The pH was then 9.0. 
The mixture was autoclaved at 125° C. (P=1.6 bar) for 3 h 

30 minutes with a stirring rate of 300 rpm. The product had a 
milky appearance. After two days, the product became less 
opaque. 

Washing was carried out by ultrafiltration (3 KD mem 
brane) by passing a Volume of water equal to 1.5 times the 
initial volume of the dispersion (addition of 300 cm/g of 
water for 200 cm of dispersion). After this ultrafiltration 
wash, 200 cm of washed dispersion was recovered, which 
was assayed to contain 0.36 M of La. 

Transmission electron cryo-microscopy indicated a colloid 
size of the order of 3 nm and no aggregates were observed. 
The pH of the dispersion was 9.0. 
This dispersion was ultracentrifuged at 50000 rpm for 6 

hours. The residue was assayed for La and C and produced a 
citric acid/La mole ratio in the colloids of 0.8. 

EXAMPLE 2 

This example concerns an aqueous colloidal dispersion of 
yttrium. 

38.3 g of yttrium nitrate containing 382.7 g/mole (i.e., 0.1 
moles of Y) was added to a beaker followed by 16 g of citric 
acid (W=192 g) (i.e., 0.08 moles of citric acid) and made up 
to 200 cm with demineralised water (i.e., a citric acid/moles 
ofY mole ratio of 0.83). 

After commencing stirring of a 50 ml aliquot, a dosing 
pump was then used to add9.8 cm of a 10.00 Mammoniacal 
solution. The pH was then 8.3. 
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6 
The mixture was autoclaved at 120° C. (P=1.6 bar) over 

night in a Parr bomb calorimeter. The product obtained had a 
colloidal appearance. 
The pH of the dispersion was 8.3. 
Transmission electron cryo-microscopy indicated a colloid 

size of the order of 3 nm. 

This dispersion was ultracentrifuged at 50000 rpm for 6 
hours. For a colloidal dispersion mass of 30.59 g, 3.49 g of 
moist colloids was recovered. 

The residue was assayed forY and C and produced a citric 
acid/Y mole ratio in the colloids of 0.7. 

EXAMPLE 3 

This example concerns a mixed aqueous colloidal disper 
sion of yttrium and europium. 

40.66 g of yttrium nitrate containing 382.7 g/mole, 47.46g 
of europium nitrate containing 446.7 g/mole and 34 g of citric 
acid (CHO) were placed in a beaker and made up to 425 
cm with demineralised water. The Y/Eu mole ratio was 1/1 
and the citric acid/(Y+Eu) ratio was 0.83/1. Stirring of the 
ensemble was commenced. 

With stirring at ambient temperature and at a constant rate, 
the pH was adjusted to 7.8 by adding 81 ml of 10 MNHOH. 
About 504 ml of dispersion was obtained. The dispersion was 
placed in a Buchiautoclave (stirring at 200 rpm) at 120° C. for 
6 hours. After leaving at ambient temperature for 2 days, a 
colloidal dispersion was recovered. 

Transmission electron cryo-microscopy indicated indi 
vidual colloids with a size of the order of 3 nm. 

This dispersion was ultracentrifuged at 50000 rpm for 6 
hours. For a colloidal dispersion mass of 30.5g, 4.1 g of moist 
colloids was recovered. 

The ultracentrifuged residue was assayed forY and Eu: the 
Y/Eumole ratio was 1/1.4. 

EXAMPLE 4 

This example concerns an aqueous colloidal dispersion 
based on lanthanum and iron. 

101 g of Fe(NO),9HO (i.e., 0.25 mole) and 105.94 g of 
La(NO) containing 2.36 mole/kg (i.e., 0.25 moles) were 
incorporated in a beaker. The volume was made up to 715 cm 
with demineralised water. 

50 cm/g of this solution in a concentration of 0.7 M 
(La--Fe) was added to a beaker in which 6.1 g of citric acid 
(CHOz, H2O), i.e., 0.029 moles of citric acid, had already 
been placed, giving a citric acid/metal ratio of 0.83/1. Stirring 
of the ensemble was commenced. 

A 10 Mammonia Solution was added, with stirring, at 
ambient temperature, at a controlled flow rate, until the pH 
was 6.3. 

The dispersion obtained was autoclaved overnight at 120° 
C. in a Parr bomb calorimeter. 

A colloidal dispersion was recovered. 
Transmission electron cryo-microscopy indicated com 

pletely individual colloids with a size of the order of 3 nm. 
After ultracentrifuging at 50000 rpm for 6 hours, an ultra 

centrifuged residue was recovered. Chemical assay of the 
residue showed that the colloids had a La/Fe mole ratio of 1 
and a citric acid/(La+Fe) mole ratio of 0.65. 
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EXAMPLE 5 

This example also concerns an aqueous colloidal disper 
sion based on lanthanum and iron, but with two complexing 
agents. 
A solution A of ferric nitrate was prepared in the presence 

of a complexing agent, namely the commercially available 
sodium salt of N,N-diacetic glutamic acid (Nervanaid GBS 5) 
sold by Rhodia. Then 20.2 g of Fe(NO),9HO was placed in 
a beaker, 35.5 ml of a 1.41 M solution of GBS was added and 
made up to 100 ml with demineralised water. After commenc 
ing stirring, the pH of the solution was 3.88 and the concen 
tration of the solution was 0.5 M of Fe and 0.5M of complex 
ing agent GBS. 3.97 ml of a 10 Mammonia solution was then 
added using a pump, with stirring. The pH of the dispersion 
was 8.0. 
A solution B of ferric nitrate was prepared in the presence 

of a citrate complexing agent. 21.2 g of La(NO) was placed 
in a beaker, 9.6 g of citric acid was added and made up to 100 
ml with demineralised water. After commencing stirring, the 
pH of the solution was 0.5. The concentration of the solution 
was 0.5 M of La and 0.5 M of citrate. 18 ml of a 10 M 
ammonia Solution was then added using a pump, with stirring. 
The pH of the dispersion was 8.0. 

50 ml of solution A was then mixed with 50 ml of solution 
B, with stirring. The pH was 6.4. the pH was adjusted to 8.0 
with 1.79 ml of 10 Mammonia. The medium obtained was 
autoclaved overnight at 120° C. 
The colloidal dispersion obtained was red-black in colour. 
After ultracentrifuging at 50000 rpm for 6 hours, a residue 

was recovered. Chemical assay of the residue showed that the 
La/Fe mole ratio was 170.66. 

Transmission electron cryo-microscopy indicated com 
pletely individual colloids with a size of the order of 3 nm. 

EXAMPLE 6 

This example concerns an aqueous colloidal dispersion 
based on lanthanum and palladium. 

33 g of the solid salt La(NO) containing 2.36 M/kg and 
15.62 g of citric acid were dissolved in a beaker and the final 
volume was made up to 156 cm with demineralised water. 
The pH was 0.56.49 cm of concentrated 10.5MNHOH was 
added to produce a pH of 9. 

30 cm of a solution of Pd(NO), containing 10% 
Pd(NO), or 0.43 M of Pd was then added. The pH was 6.17. 
Adding 29 cm of NHOH produced a pH of 9.0. 103 g of 
demineralised water was added. The La? Pd atomic ratio was 
1 (0.16. 

This solution was placed in a closed Buchi autoclave at 
107°C. for 6 hours; a dispersion was obtained. The dispersion 
was allowed to mature for 2 days into a colloidal solution that 
was clear to the eye at ambient temperature before ultrafiltra 
tion. 

345 ml of this colloidal solution was ultrafiltered in an 
ultrafiltration cell provided with a 3 KD membrane, at a 
pressure of 3 bars. The Solution was washed using a total 
volume of 450 cm of demineralised water. Ultrafiltration was 
carried out until the final volume of the colloidal solution was 
175 cm. Assay of the colloidal solution indicated that the La 
concentration was 0.245 M and the Pd concentration was 
OO15 M. 

4 g of ultrafiltered colloidal solution was centrifuged at 
50000 rpm for 6 hours. 

Transmission electron cryo-microscopy indicated com 
pletely individual colloids with a diameter of about 3 um. 
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The La/Pd atomic ratio, determined for the colloids by 

chemical assay of the colloids recovered by ultracentrifuging, 
was La/Pd=1/0.06. 

EXAMPLE 7 

This example concerns a cerium dispersion. 
34.9 g of cerium (III) acetate containing 49.29% of CeO, 

28.8g of citric acid and 200 g of demineralised water were 
incorporated in a beaker. Stirring of the ensemble was com 
menced. The citric acid/cerium mole ratio was 1.5/1. The 
volume of the final solution was 235 cm. 

0.3 ml/minute of a concentrated 10.4 Mammonia solution 
was added to obtain a pH of 7.5. 
The dispersion was autoclaved overnight at 120° C. A 

colloidal dispersion was obtained. 
After cooling for about 3 hours, the dispersion was washed 

with demineralised water and concentrated by ultrafiltering 
through a 3 KD membrane. Colour development was 
observed while washing; 120 ml of dispersion was washed 
with 6 times its volume of water. After washing, 60 ml was 
recovered. 

After ultracentrifuging at 50000 rpm for 6 hours, a residue 
was obtained which confirmed the colloidal appearance of the 
dispersion. 

Transmission electron cryo-microscopy indicated com 
pletely individual colloids with a diameter of about 3 nm. 
The invention claimed is: 
1. An aqueous colloidal dispersion comprising an aqueous 

liquid phase and particles of a size of at most 100 nm, wherein 
said particles consist of 

(1) an oxide and/or hydrated oxide of at least two elements 
Selected from the group consisting of lanthanides; or 

an oxide and/or hydrated oxide of at least two elements 
Selected from the group consisting of the lanthanides, in 
combination with an oxide and/or hydrated oxide of at 
least one other element selected from the group consist 
ing of iron and palladium; 

(2) a complexing agent with a pK (cologarithm of the 
dissociation constant of the complex formed by the com 
plexing agent and the lanthanide cation) of more than 
2.5, wherein the complexing agent is selected from the 
group consisting of acid- or polyacid-alcohols, poly 
acrylic acids and salts thereof, and 

(3) optionally, residual quantities of bound or adsorbed 
ions; 

wherein said aqueous liquid phase comprises water, and 
optionally, residual quantities of ions or the complexing agent 
in ionized form. 

2. A dispersion according to claim 1, wherein the mean size 
of the colloidal particles is in the range of 2 to 5 nm. 

3. A dispersion according to claim 1, having a pH in the 
range of 5 to 10. 

4. A dispersion according to claim 1, wherein the complex 
ing agent has a pK of at least 3. 

5. A dispersion according to claim 1, wherein the amount of 
complexing agent, expressed as the number of moles of com 
plexing agent with respect to the number of moles of lan 
thanide, is in the range of 0.1 to 1.5. 

6. A process for preparing a dispersion according to claim 
1, which comprises the following steps: 

forming an aqueous mixture consisting essentially of at 
least one lanthanide Salt and the complexing agent; 

adding a base to the mixture formed; and 
heating the mixture to obtain the colloidal dispersion 

according to claim 1. 
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7. A process according to claim 6, wherein heating is car 
ried out at a temperature of at least 60°C. 

8. A process according to claim 7, wherein the dispersion 
obtained from the heating undergoes ultrafiltration. 

9. A process according to claim 6, wherein the dispersion 
obtained from the heating step undergoes an ultrafiltration 
step. 

10. A process according to claim 6, wherein the heating is 
carried out at a temperature of at least 100° C. 

11. A process for preparing a colloidal dispersion accord 
ing to claim 1, which comprises the following steps: 

forming a first mixture consisting essentially of a lan 
thanide salt and a first complexing agent and a second 
mixture consisting essentially of an iron or palladium 
salt and the same or a different complexing agent; 

adding a base to each of the mixtures formed; 
combining the two mixtures; and 
heating the two combined mixtures to obtain a colloidal 

dispersion according to claim 1. 
12. A process according to claim 11, wherein the heating is 

carried out at a temperature of at least 60° C. 
13. A process according to claim 11, wherein the heating is 

carried out at a temperature of at least 100° C. 
14. A process according to claim 11, wherein the disper 

sion obtained from the heating step undergoes ultrafiltration. 
15. A dispersion according to claim 1, wherein the amount 

of complexing agent, expressed as the number of moles of 
complexing agent with respect to the number of moles of 
lanthanide and the number of moles of iron or palladium 
optionally present, is in the range of 0.1 to 1.5. 

16. A process for preparing a colloidal dispersion accord 
ing to claim 1, which comprises: 

forming an aqueous mixture consisting essentially of at 
least one lanthanide salt, a salt of iron and/or palladium, 
and the complexing agent, 

adding a base to the mixture formed; and 
heating the mixture to obtain a dispersion according to 

claim 1. 
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17. A dispersion according to claim 1, wherein the com 

plexing agent is an acid- or polyacid-alcohol or a salt thereof. 
18. A dispersion according to claim 1, having a pH in the 

range of 5 to 6.3. 
19. A dispersion according to claim 1, wherein the element 

is lanthanum. 
20. A dispersion according to claim 1, wherein the element 

is yttrium. 
21. An aqueous colloidal dispersion comprising an aque 

ous liquid phase and particles of a size of at most 6 nm, 
wherein said particles consist of 

(1) an oxide and/or hydrated oxide of an element selected 
from the group consisting of lanthanides other than 
cerium; or an oxide and/or hydrated oxide of at least two 
elements selected from the group consisting of lan 
thanides; or an oxide and/or hydrated oxide of an ele 
ment selected from the group consisting of lanthanides 
other than cerium, in combination with an oxide and/or 
hydrated oxide of at least one other element selected 
from the group consisting of iron and palladium, or 

an oxide and/or hydrated oxide of at least two elements 
Selected from the group consisting of the lanthanides, in 
combination with an oxide and/or hydrated oxide of at 
least one other element selected from the group consist 
ing of iron and palladium; and 

(2) a complexing agent with a pK (cologarithm of the 
dissociation constant of the complex formed by the com 
plexing agent and the lanthanide cation) of more than 
2.5, wherein the complexing agent is an aliphatic ami 
nated acid or a salt thereof, and 

(3) optionally, residual quantities of bound or adsorbed 
ions; 

wherein said liquid aqueous phase comprises water and, 
optionally, residual quantities of ions or the complexing agent 
in ionized form. 


